1 3 [Sb 4 GeS 10 ] 4À network. The Ba 2+ cation (..2) is located between two Sb 4 S 10 layers and is coordinated by ten S atoms with Ba-S bond lengths in the range 3.2505 (9)-3.4121 (2) Å .
Related literature
The stereochemically active 5s 2 lone-pair electrons possess a large electric dipole moment and can influence structures that contain Sb 3+ , see: Choi & Kanatzidis (2000) ; Babo & Albrecht-Schmitt (2012) . SbS 3 , SbS 4 or SbS 5 units in a crystal structure are prone to form Sb-S chains through corner-or edge-sharing, see: Dorrscheidt & Schä fer (1981) ; Cordier et al. (1984) . GeS 4 tetrahedra can be utilized as the second structural unit and introduced into crystal structures to connect Sb-S chains into a two-dimensional layer or three-dimensional framework structure (Feng et al., 2008) . For crystal structures and optical properties, see: Deng et al. (2005) Data collection: CrystalClear (Rigaku, 2007) ; cell refinement: CrystalClear; data reduction: CrystalClear; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg, 2005) ; software used to prepare material for publication: publCIF (Westrip, 2010) . (Dorrscheidt et al. 1981; Cordier et al. 1984) . GeS 4 tetrahedron can be utilized as the second structural unit and introduced into crystal structure to connect Sb-S chains into a two-dimensional layer or threedimensional framework structure (Feng et al. 2008) . In this paper, a new title quaternary sulfide in the Sb-Ge-S system is dexcribed. Ba 2 Sb 4 GeS 10 represents the first example of a structure synthesized and structurally characterized by single-crystal X-ray diffraction in the quaternary Ba-Sb-Ge-S system (Fig. 1 ). It crystallizes with one Ge atom on 4b and three S atoms on 8h, 16i and 16i, respectively, in terms of the Wyckoff notation. There are two types of coordination polyhedron of SbS groups, i.e. triangle-pyramidal SbS 3 and distorted SbS 5 polyhedra. SbS 3 and SbS 5 polyhedra are connected with each other through corner-and edge-sharing conformations to form Sb 4 S 10 zigzag chains, which are further arranged side by side into the Sb 4 S 10 layer in the ab-plane (Fig. 2) . The GeS 4 tetrahedra further bridge two neighbouring Sb 4 S 10 layers, forming athree-dimensional ∞ 3 [Sb 4 GeS 10 ] -4 network (Fig. 3) . The Ba atom is located between two Sb 4 S 10 layers and coordinates with ten S atoms with Ba-S bonding lengths in the range of 3.2505 (9)-3.4121 (2) Å, which are typical values for sulfides (Dorrscheidt et al. 1981; Cordier et al. 1984) .
Experimental
The title compound, Ba 2 Sb 4 GeS 10 , was synthesized through a high temperature solid-state reaction in an evacuated and sealed silica tube. A mixture of BaS (0.5 mmol, 0.0847 g), Sb (1 mmol, 0.1218 g), Ge (0.25 mmol, 0.0182 g),S (2 mmol, 0.0641 g) was loaded in a silica ampoule, sealed under 10 -2 Pa, heated gradually to 1173 K (holding for 10 h) in 60 h, and then cooled to room temperature in 300 h. Rod-shaped crystals of Ba 2 Sb 4 GeS 10 with a dark red color were obtained. The crystals were stable under air and moisture conditions.
Refinement
All atoms in Ba 2 Sb 4 GeS 10 crystal structure were refined anisotropically without disorder. The highest residual peak (0.66 e×Å -3 ) in the difference electron density map was located at (0.1992, 0.3008, 1/4), 1.09 Å from atom Ba1. The deepest hole (-0.73 e×Å -3 ) was located at (0.1670, 0.7496, 0.2499), 0.77 Å from atom Ba1.
Computing details
Data collection: CrystalClear (Rigaku, 2007) ; cell refinement: CrystalClear (Rigaku, 2007) ; data reduction: CrystalClear (Rigaku, 2007) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg, 2005) ; software used to prepare material supplementary materials sup-2 Acta Cryst. (2013). E69, i24
for publication: publCIF (Westrip, 2010) . Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Figure 1
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 
Geometric parameters (Å, º)
Ba1-S2 i 3.2505 (9) Sb2-S3 viii 2.6576 (9) Ba1-S2 ii 3.2505 (9) Sb2-S2 iv 2.9352 (9) 
